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Preparation of infusion grade water. 

@ An apparatus is disclosed for the preparation of infusion 
grade water for use in the preparation of parenteral solu- 
tions. The apparatus is comprised of a two component 
system including a chemical pHirification unit and an endoto- 
xin filter receiving assembly (80). Chemical purification of the 
water is achieved by treating the feed water using a 
sequence of cart>on adsorption, reverse osmosis, deioniza- 
tion, and membrane filtration. The chemically pure water 
from this system is used as a teed water to 3 tow mniecuiar 
weight cutoff membrane uUrafilter (82). which is an integral 
part of a presterilized manifold (90) with receiving bags (92). 
The receiving bags (92) may contain premeasured solutes in 
sterile nonpyrogenic powder form or in concentrated solu- 
tion form to yield by dilution typical parenteral solutions 
ready for administration. 
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f.BPrHJiIVg F'u^R PREPARATION 
OF INFUSION GRADE WATER 

The invention relates to a portable system for pre- 
paring infusion grade water. 

It is known that in the preparation of parenteral 
solutions, the starting water must be of a high purity. 
Parenteral solutions must be prepared without either 
chemical or biological contaminants. 

The basic requirements for infusion grade solutions 
are that they be bacteria free, have a base of chemically 
pure water, are endotoxin free and monitored in a strict 
quality control system. The main concern in parenteral 
solutions is the presence of pyrogens. A pyrogen is 
defined as any chemical or biological substance that will 
cause a rise in temperature, that is, a febrile response 
when intravenously or intramuscularly introduced into a 
subject mammal. it has been found that endotoxins of 
gram-negative bacteria are pyrogenic and are the most 
common cause of septic shock. 
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Bacterial endotoxins are lipopolysaccharides derived 
from the cell wall of the gram-negative bacteria. They 
:::XXl ....r.... .av^g molecular weights between 
400,000 and 4,000,000 Daltons. The polymer can be depoly- 
1. Led to basic units of 10,000 to 20,000 Daltons by 
reing treated with strong detergents or bile salts. How- 
ever! in pure water depolymerizat ion would not occur. 

Pyrogenic reactions to endotoxins can be regularly 
elicited in man, rabbits and certain other mammals. In 
I nimal dosages endotoxin will induce an elevation from 

f recioient. Acute endotoxin 

the normal temperature of the recipient. 

poisoning can lead to irreversible shock and death. 

Endotoxin is shed from the outer surface of gram- 
negative bacteria. it is destroyed by a heat -"^tment 
of 175-C for a period of approximately two hours Endo 
toxin is not affected by sterilization via autoclaving. 

The most widely used method for pyrogen removal is 
distillation. in this method large quantities of water 
are distilled, stored and then packaged in a sterile 
are distill , hospitals and emergency units, 

environment for delivery nv^ f 

X- - 1 4-v.oi,HT.ents have also been proposed to 
Various chemical treatments udvc 

remove pyrogen from water and "^^'^^f "^^i^-^; 

Xhe main difficulty in the chemical ^"^^-"^^/^^^/^ "J'^ 
removal of the chemical and its reaction products after 
the completion of the treatment process. 

Removal of endotoxin by any means other than dis- 
tillation was not practical prior to the development of 

nii-raf liters allow selection 
ultrafiltration membranes. Ultrafilters 

in a dissolved species. Since endotoxins of the gram- 
negative bacteria have a high molecular weight ultra- 
filters may be used to remove these pyrogenic endotoxins. 
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While being the most effective historical method 
for producing pyrogen free water, distillation is in terms 
of resources the most costly system available. Further, 
distillation systems do not lend themselves to practical 
utility in military field hospitals and other emergency 
field medical units. Military medical units require large 
volumes of sterile, nonpyrogenic fluids for infusion. 
Distillation techniques do not lend themselves to on site 
production on an as needed basis. Using the distillation 
methods requires that large inventories of sterile non- 
pyrogenic water be transported to the location. 



With quality control and maintained sterility being 
a primary factor in the overall preparation and storage 
15 of sterile nonpyrogenic infusion grade water, endotoxin 

testing is also a constraint with regard to on-site units. 
Historically, a rabbit test was used to determine the 
presence of pyrogenic endotoxins. The rabbit test for 
pyrogens requires injection of 1 0 ml of test solution into 
the ear veins of three rabbits weighing not less than 1.5 
kg each. The rabbits must be individually caged in a 
shock-free environment, and their temperature must be 
taken 40 minutes prior to injection and for three hours 
after injection. If no one rabbit shows a temperature 
rise of 0.6*C or more, and if the collective increases in 
temperature totals no more than U4*C, the test solution 
is determined to be nonpyrogenic. The disadvantages of 
the rabbit test include maintenance of the test animals, a 
minimum of three hours for performance, the requirement of 
three rabbits per test, and the requirement of skilled 
personnel to administer and record the temperature changes. 

With the advent of a simpler in vitro test that 
requires only a one hour incubation time and uses less 
^5 than 1 ml of test solution the potential for qualifying 
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^^r^aT-ation of infusion grade 

,,...3 ,„aotcxin. this us.s « 

lating amebocytes en referred to as LAL. 

rX Ie se::.::ve. ana rap.a 
"'r^arcan be performed with a .ini.u. of equipment. 
" 1 Tpact requirement an. no unusual skills or 
a „.n..um ^^^^/^ ,or use in an on-site 

Tirr/sU: for ^eLration of infusion ,raae water. 

A .alor problem in practical 9eneratlon of infusion 
= ite lies in retaining the nonpyrogenic 

- - r a-a-s rothnrprjr^ 
rut::: ro:ru:;rtrwithin the output assemb. 

Without risWng introauction of enaotc.ns. 

The present invention proviaes a portable water 

of parenteral apparatus Incluaas a 

°"::mTor:rner in ch^lically pure water in co.bina- 
tirwith^a: endotoxin filter ^rr: 
^ofoxin filter and storage assembxj, arc - 
Jrespect to one another and sealed for p:eventxon 
:; :„::::=: Of enaoto^ms mto the storage areas. 

I„ accordance with the present invention a first 
»nt of this apparatus includes .• chemical 
:ria:::ror:°-or generating c^^^^^^^^^ 

re:er Zteen-rirt: r a::.ce. where the feed 
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water may be potable water. The feed water is delivered 
to a first filter for removal of gross particulate mate- 
rial and other organic impurities. This first filter 
has an input port for receiving the potable water and an 
output port for discharging filtered water. 

A plurality of reverse osmosis purification modules 
are provided in the chemical purification unit, plumbed 
in parallel and fluidly connected with said first filter. 
The reverse osmosis purification modules generate permeate 
water and have a retentate port for delivery of rejected 
water to a drain or recirculation system. The purpose of 
the modules is removal of inorganic and organic solutes. 

A mixed bed deionizer is fluidly connected to the 
output of the reverse osmosis purification modules for 
removing residual electrolyte [on a part per million 
level] , to an acceptable predetermined concentration 
within the purification unit. 
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Finally, a means for raicroporous filtration is pro- 
vided at the output of the deionizer to r.^tain dislodged 
resin beads that may have decomposed from v.he mixed bed 
deionizer. The chemically pure water is the.-^ delivered 
to an endotoxin filter receiving assembly . 

The receiving assembly includes an endotoxin filter 
of the retentive membrane ultrafilter type. The endo- 
toxin filter removes lipopolysaccharides of gram-negative 
bacteria resulting in the generation of nonpyrogenic 
infusion grade water from the chemically pure water. 
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• Ar.r. ^<=^<.**mblv further includes a receiving 
The receiving assemoiy j-utv-w^u 

and storage system integrally sealed to the endotoxin 

n,embrane filter. The storage and receiving assembly 

includes a series of sterile bags sealed to the membrane 

XT « *=+.^T-ii#^ nonovroqenic manifold system, 
S filter by way of a sterile nonpyi-^y^ 

Entrance to the collection bags is only through the 
endotoxin retentive membrane filter. The manifold is 
airtight with the endotoxin filter. Thus, sterile, non- 
pyrogenic solutions are prepared using only chemically 
TO pure water. 

in a preferred embodiment of the apparatus for 
preparation of infusion grade water the filtration of 
gross particles and adsorption of organic impurities is 
15 accomplished through a carbon adsorption "^^^ 

carbon adsorption filter may be a disposable carbon pack 
having an affinity for free chlorine, chlorammes and 
other organics including chlorinated hydrocarbons. 

The reverse osmosis (RO) purification is carried 
out by way of a plurality of desalination membrane car- 
tridges (or hollow-fibers) plumbed in parallel and con- 
nected to the carbon adsorption filter. Each of the 
membrane cartridges has a retentate port for delivering 
25 rejected water to a drain or recirculation system The 

..O units may be spiral wound modules or hollow fiber 
units preferably capable of resisting attack by chlorine, 
and operable in pH ranges between 3 and 11 . 

The preferred embodiment also includes a fines fil- 
ter having a five micron cutoff connected to the carbon 
adsorption filter, for protecting the device 
particulate material emanating from the carbon filter, 
means for pumping, preferably a rotary or "-^^^^^^^^ 
pump may also be connected to the carbon output filter for 
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enhancing water movement in the apparatus. hO.22 micron 
electronic grade membrane filter is provided in the 
chemical purification unit for microporous filtering of 
the deionized permeate water. The deionization is accom- 
plished in the preferred embodiment by a mixed bed deioni- 
zation chamber. 

The endotoxin retentive membrane filter in the pre- 
ferred embodiment is a polyacrylonitr ile hollow-fiber 
hemofilter. It will be understood to those skilled in 
the art that any ultrafilter having a suitable pore size 
for removing pyrogenic endotoxins is contemplated. 

The present invention overcomes the constraints 
inherent in using distillation and provides a portable 
unit for generating nonpyrogenic water capable of use in 
the preparation of parenteral solutions. The present 
invention further contemplates a method for preparing 
infusion grade water including the steps of chemically 
purifying potable feed water and retentive ultraf il ter ing 
of the chemically pure water for removal of pyrogen 
causing endotoxins to be stored for use in preparation of 
parenteral solutions. The method includes the steps of 
adsorbing gross particulates and other organic impurities 
from potable water and then performing reverse osmosis 
purification for generation of permeate water by removing 
organic as well as inorganic impurities, to be further 
deionized in an effort to remove essentially all electro- 
lytes. Finally, the water is microporously filtered to 
remove any resin beads dislodged from the de ionizer. The 
chemically pure water generated by this method is then 
retentively ultraf iltered for removal of pyrogenic endo- 
toxins from the water. The water is then received and 
stored in a manner sealable and integral with the ultra- 
filter. 
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.>.o^ further contemplates and includes the 
The method further ehernically pure 

endotoxins . 

other aav.„«9es and features of the present 

detailed description when taken in 
the drawings in which: 

,5 purification unit in accordance «xth the present 

invention; and 

FIGURE 2 is a block diagram of an endotoxin 
FIGURE 2 is accordance with the present 

filter output assembly m accoi-vi 

20 invention. 

ppT^^TT.^n nESCRIPTlON 

..e present -vention provides an appara.us^for 
" preparation of infus.on .^ade -a er-^^ ^^^^^^^^^^ 

«r-arie water may be used in pl ^ „^T„,.i^ns 

solutions, in the :%,,„,<.al purity and 

the starting water .ust be of 9 

£„e of bacteria and P/ro^ens ™e ^P ^ ^^^^^^^^ 
30 present invention „eet= these ^ 

Th«* first coiTvponent or une =»:y 
system. The fir ,^ achieved by treat- 

purification unit Che.ic P ^^^^^ ^^^^^ ^^^^^^^ ^^^^^ 

ing the feed water, i.e. any P ^3^,3^3, deioni- 

a sequence of carbon adsorption, rever 
35 zation, and membrane filtration. 
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The chemically pure water from this unit is used to 
feed a low-molecular-weight cut-off membrane ultrafilter 
which is on integral part of a pres teri 1 i zed nonpyrogenic 
manifold with receiving bags. The receiving bags may 
5 contain premeasured solutes in sterile nonpyrogenic powder 

form or concentrated solution form such as electrolytes, 
carbohydrates, and drugs so that dilution by the nonpyro- 
genic water will yield typical parenteral solutions ready 
for administration. As a means of quality assurance, the 
10 water purification unit monitors the product water conduc- 

tivity. If the product water does not conform to a pre- 
determined conductivity level, an alarm system and bypass 
circuit allows for automatic shutoff, 

15 Referring now to the drawings and in particular to 

Figure 1 where a chemical purification unit 10 in accor- 
dance with the present invention is illustrated. In the 
chemical purification unit 10, feed water is delivered 
into the system by way of an inlet port 12. This feed 

20 water may be monitored by a valve 14 and sampled at a 

valve port 16. 

The feed water may be any potable water, for example 
from a garden hose. The feed water is first filtered in 

25 a carbon adsorption filter 18. This carbon adsorption 

filter 18 may be a disposable carbon pack. The carbon 
in this filter 18 is specifically designed to have a high 
affinity for free chlorine and chloramines as well as a 
wide variety of organics including chlorinated hydroca- - 

30 bons. Chloramines have been clearly implicated in heme, ::ic 

episodes during hemodialysis and its absence is necessary 
for any water source to be used for parenteral solution 
use , 
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The purification unit 10 is provided with a valve 
20 £or regulating the flow of the filtered water and a 
valve sample port 22 for .a-plin, the carbon filtered 

water* 

' Since carbon is particularly prone to bacterial 

contamination because of its porosity and 
organics, a disposable filter element .ay used so 
that such bacterial contamination can be avoxded by 

10 replacement of the filter after each use. 

Pollowing the carbon filter unit 18, is a "fines- 
filter 24. The fines filter 24 may be a 5 micron depth 
Ti ter used to protect the system from fine particulates 
15 which may be released from the carbon in the carbon fxl- 
Ter 18. The fine filter 24 is fluidly connected to the 
carbon filter 18 by way of conduit 26. 

.s^^ in the chemical purification unit 
Further provided m tne cnenu-v. f 

I. ,J^%ryr- enhancina the movement or 
20 ,0 is a pan.ping apparatuS^Ior enhancing 

the water throughout the system. The pumping apparatus 
28 may be a rotary or reclprooat^l^P ll^lZTi.. 
having a capacitv p£^70 galfons.per ^lour and delivering 
water at 200 pii",or greater. 

" The pressurised water is delivered to a plurality of 

reverse osmosis purification modules or cartridges .u. 
The «0 .odules 30 In the preferred embodiment are plumbed 
in parallel. Each module may be a Film Tech ^^^(/hlly^ 
30 plral wound module with each module having 6 =^"« "'X 

Of surface area located in a housing. The FT-BO module^ 
use a membrane tht resists attacX by chlorine and can he 
operated at a wide range of pH values on the order of 3 
to 11 The retentate stream 42 emanating from the output 



35 



port 32 of each of the reverse osmosis modules 30 is 
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split. The first leg 34 is provided to deliver some 
rejected water through a valve 36 and rotameter 38 to a 
retentate drain 40. The second leg of the retentate 
stream 42 is provided with a valve 44 and rotameter 46 for 
recirculating the remainder of the rejected water through 
conduit 48 and back to the input of the reverse osmosis 
module 50. Valve 36 and 44 may be of the needle valve 
type and operate in conjunction with the rotameters for 
adjusting the flow rates of each st^^e^ w^;^le maintaining 
constant feed line pressure at 200 psi/^ This allows a 
variable water recovery so that the unit can be operated 
at high recovery when the source water is in short supply 
or low recovery (higher rejection) if the source water is 
high in salt content. 

Permeate flow rate from the RO modules 30 is measured 
by a third rotameter 52. A valve sample port 54 is pro- 
vided to monitor the reverse osmosis purification rejection. 

Besides removal of large molecule organic impurities 
the RO modules remove inorganic impurities such as resi- 
dual electrolytes. This removal assists the deionization 
unit in removal of electrolytes. 

The permeate water is then delivered through a fluid 
conduit 56 to be treated by a mixed bed deionization 
chamber 58. The mixed bed deionizer 58 removes the resi- 
dual electrolyte in the permeate water to acceptable con- 
centrations at a level of parts per million. 

The deionized peirmeate solution is then delivered to 
a microporous 5 micron filter 60 for removal of ion ex- 
change resin fines. 
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In the preferred embodiment, the rotary or recipro- 
cating pun^p^^s a Procon products, V-band clamp mount 
pump, model CO-1500. The reverse osmosis purification 
units are FT-30 Film-Tech units manufactured by Film-Tech 
corporation, Minnetonka, Minnesota; and the deionizer xs 
of the type manufactured by Cole-Parmer, Chicago, Illxno.s. 

The water delivered from the microporous filter 60 
is chemically pure and ultimately delivered to an endo- 
toxin filter output assembly as shown in Figure 2. Prior 
to delivery of the chemically pure water to the endotoxin 
filter assembly, its conductivity is determined. Conduc- 
tivity of the water product is monitored continously by a 
0 01 CM-^ temperature compensated conductivity cell 62, 
electrically connected to a 0 to 20 megohm-cm resistivity 
monitor 64. The conductivity monitor 64 may be of the 
type made by Balsbaugh, model 920M. The monitor 64 pro- 
vides circuitry for alarm and control valves. The alarm 
of monitor 64 may be set to sound if the water quality 
fails to meet a predetermined standard. An electronic 
three-way valve 66 is provided in the^^product line and 
controlled by the resistivity monitor 64. When actuated, 
the three-way valve 66 diverts the water from the collec- 
tion assembly line 68 to a drain 70. A pressure sensitive 
switch 72 is also provided in the collection assembly line 
to protect the endotoxin filter shown in Figure 2 from 
excessive pressure- 

The apparatus for preparation of infusion grade 
water includes the chemical purification unit 10 as 
described above in conjunction with an endotoxin filter 
assembly 80 as shown in the drawing of Figure 2. In the 
filter assembly 80, a bacterial and endotoxin retentive 
membrane filter 82 is provided. The filter 82 receives 
at its input port 84 chemically pure water from the 
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chemical purification unit 10 shown in Figure 1 and 

described above. The chemically pure water passes over 

the membranes making up the endotoxin filter 82. The 

endotoxin filter used in the preferred embodiment is made 

by Asahi Medical Company Ltd, It is a polyacrylonitr ile 

2 

hollow-fiber hemofilter. The filter has a 1,4 m surface 
area and is prester ilized by ethylene oxide. The solute 
molecular weight cutoff of this filter is estimated at 
10-15,000 Daltons. The lipopolysacchar ides derived from 
the cell wall of negative bacteria are polymeric materials 
having aggregate molecular weights between 400,000 and 
4,000,000 Daltons, Thus, the low molecular weight endo- 
toxin filter 82 utilized in the endotoxin assembly 80 will 
trap lipopolysacch^rides and retain them within the filter 
itself. 

The filtrate delivered from the output 86 of the 
filter 82 is delivered to a presterilized nonpyrogenic 
manifold and receiving bag assembly 88. The assembly 88 
is integrally sealed with the filter 82. The manifold 90 



tubing and sterilizable plastic, for example polypropylene 
tees (not shown). A plurality of receiving bags 92 such 
as blood bags for example are connected to the manifold 90 
via the polypropylene tees. Typically, 6 to 8 bags are 
used on each manifold assembly although a greater number 
may be utilized. 

The membrane filter 82 is sealed to the sterile bags 
92 via the manifold system 90. Entrance to the collection 
bags 92 can only be through the retentive membrane filter 
82. Thus, sterile, nonpyrogen solutions can be prepared 
using the chemically pure water generated by the chemical 
purification unit 10- 



may be 




med ical grade Tygon 
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An additional tee 94 may be placed at the head of the 
manifold 90 for san^pling the filtrate from the filter 82 
for presence of endotoxins. This tee would contain a 
Sterile septum and cap- 

AS shown in Figure 2, additional bags may be placed 
along the manifold assembly 90 with additional endotoxin 
test sample ports such as port 96. 

operationally, the apparatus of the present inven- 
tion for preparation of infusion grade water for use in 
preparation of parenteral solutions includes the prepara- 
tion of a chemically pure water in conjunction wxth a 
retentive ultrafiltration process. The preparation of 
15 the chemically pure water in the preferred embodiment 

assumes obtaining potable water and performing a sequence 
of carbon adsorption, reverse osmosis purification, 
deionization and microporous filtration to obtain a 
chemically pure solution. 

20 

In the preferred embodiment, retentive ultrafiltra 
tion of the chemically pure water is achieved through a 
filter having a low molecular weight cutoff membrane. The 
filtrate from the ultrafiltration step is delivered into 
25 receiving bags by way of a presterilized nonpyrogenic 

manifold integrally sealed to the low molecular weight 
filter. 

An additional step in the preparation of infusion 
30 grade water involves the sampling of the filtrate from the 

ultrafiltration process and testing for the presence of 
endotoxins. This testing may be performed by either the 
historical rabbit test method, or the in vitro limulus 
amebocyte lysate (LAL) test. This quality control measure 
35 is used to validate sterility and guarantee quality of th, 

product. 
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The infusion grade water may be utilized in the 
preparation of parenteral solutions. In the process of 
preparing parenteral solutions using the apparatus of the 
present invention, the receiving bags 92 illustrated in 
Figure 2 may contain premeasured solutes in sterile non- 
pyrogenic powder or concentrated solution form, such as 
electrolytes, carbohydrates, or drugs. Dilution by 
nonpyrogenic water will then yield typical intravenous 
solutions ready for administration. 

While the present invention has been described and 
illustrated with respect to a preferred embodiment, it 
will be understood to those skilled in the art that 
various modifications and changes such as the substitution 
of crosses for tees in the manifold, are contemplated to 
be within the spirit and scope of the invention as set 
forth in the appended claims • 
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1. Apparatus for generating infusion grade water from feed water, 
characterized in that the apparatus comprises a chemical purification 
5 assembly in combination with an endotoxin filter output assembly for 
generating nonpyrogenic water, the chemical purification assembly including 
a first filter for removing gross particulate and organic impurities from feed 
water to provide filtered water, reverse osmosis purification means con- 
nected to said first filter for generating permeate water from said fUtered 
10 water, deionization means connected to the reverse osmosis means for 
deionization of said permeate water, and a second filter for filtering the 
deionized permeate water to produce chemically pure water; and the said 

endotoxin filter output assembly including an endotoxin filter adapted to 

remove from said chemically pure water lipopolysaccharides derived from 
15 gram-negative bacteria, for generating nonpyrogenic water, and receiving 

means integraUy sealed with the endotoxin fUter for receiving and storing 

said nonpyrogenic water. 

2. Apparatus according to claim 1, further characterized in that the 
20 first filter comprises a carbon adsorption filter in the form of a disposable 

carbon pack having an affinity for free chlorine, chloramines and organics 
including chlorinated hydrocarbons. 

3. Apparatus according to claim 1 or claim 2, further characterized in 
25 that it includes a fines filter having a 5 micron cutoff, connected to the 

first filter, for protecting the downstream components from fine particulate 
material emanating from the first filter. 

4. Apparatus according to any one of clai.ns 1 to 3, further character- 
30 ized in that the reverse osmosis purification means comprises membrane 

cartridges which are plumbed in parallel and are connected to the said first 
filter, each of the cartridges comprising spiral wound modules having 
membranes capable of resisting attack by chlorine, and operable in a pH 
range between 3 and 11. 

35 

5. Apparatus according to any one of claims 1 to 4, further character- 
ized in that it includes a recirculation system including a valve and conduit 
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for controUably recirculating retentate back to the reverse osmosis 
purification means. 

6. Apparatus according to any one of claims 1 to 5, further character- 
5 ized in that it includes a temperature compensated conductivity ceD in 

combination with a resistivity monitor for determining the conductivity of 
said chemically pure water delivered by the said second filter, 

7. Apparatus according to claim 6, further characterized in that the 
10 monitor includes circuitry for sounding an alarm if the quality of the water 

fails to meet predefined levels of conductivity, and a three-way electronic 
valve controlled by the monitor for diverting water from the endotoxin 
filter output assembly to a drain. 

15 8. Apparatus according to any one of claims 1 to 7, further character- 
ized in that the endotoxin filter is a polyacrylonitrile hollow-fiber hemo- 
filter, 

9. Apparatus according to any one of claims 1 to 8, further character- 
20 ized in that the said receiving means includes a manifold having a plurality 

of tees, each tee having a bag for receiving infusion grade water, the 
manifold being integrally sealed with the endotoxin filter. 

10. A method of preparing infusion grade water, characterized in that it 
25 comprises the steps of chemically purifying a potable feed water by 

adsorbing gross particles and organic impurities from the feed water to 
produce filtered water, purifying the filtered water by reverse osmosis to 
generate a permeate water, deionizing the permeate water, microfiltering 
the deionized permeate water to produce a chemically pure water; and 
30 retentive ultrafiltering the chemically pure water in a retentive ultra- 
filtering system for the removal of endotoxins to generate infusion grade 
water, and storing the infusion grade water in a receiving system integrally 
sealed with the retentive ultrafiltering system. 
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@ Praparation off infusion grada water. 

@ An apparatus and a method for the preparation of 
inhision grade water for use in the preparation of parenteral 
solutions. The apparatus is comprised of a two-component 
system including a chemical purification unit <10) and an 
endotoxin filter receiving assembly (80). Chemical purifica- 
tion of the water is achieved by ueating the feed water using 
a sequence of carbon adsorption (18). reverse osmosis (30), 
detonization (58), and membrane filtration (60). The chemi- 
calty pure water from this system is used as a feed water io a 
low molecular weight cutoff membrane ultrafilter (82). which 
is an integral part of a presterilired manifold (90) with 
receiving bags (92). The receiving t>ags (92) may contain 
premeaiured solutes in sterile nonpyrogenic powder form or 
in concentrated solution form to yield by dilution typical 
parenteral solutions ready for administration. 
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